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ABSTRACT 
w 

A new Kind of s i lver -z inc  c e l l  has been developed and t e s t e d  under . 
r i  
OD 
W 

I 

(D 

w does not  d i sp lay  t h e  t r a d i t i o n a l  l i f e  l imi t ing  aspect  of  s inc  e l ec t rodes  

NASA support which can withstand severe heat  s t e r i l i z a t i o n  requirements and 

i . e .  shape change. These c e l l s  could be used on planetary lander  mission which 

requi re  wet-stand periods of over a y e a r ,  a modest number of cycles  ( 400 t o  

5 0 0 )  and may requi re  dry  heat s t e r i l i z a t i o n .  The weight advantage of t h e s e  

c e l l s  over t h e  t r a d i t i o n a l  nickel-cadmium b a t t e r i e s  a l so  makes it an a t t r a c -  

t i v e  a l t e r n a t i v e  f o r  synchronous orb i t  se rv ice  where 400 t o  500 cycles  would 

be requi red  over a 5 year  period. 

INTRODUCTION 

In  order  t o  launch l a r g e r ,  more soph i s t i ca t ed ,  and more u s e f u l  s a t e l l i t e s  

and space probes,  it i s  becoming increas ingly  important t o  m a k e  s i g n i f i c a n t  

weight reduct ions i n  spacecraf t  systems t o  avoid overtaxing t h e  l i f t i n g  

c a p a b i l i t y  of ava i lab le  boosters .  One primary candidate f o r  weight savings 

i s  t h e  spacecraf t  ba t t e ry .  In  t h i s  r e spec t ,  t h e  s i l v e r  oxide-zinc system has 

long been recognized as an a t t r a c t i v e ,  but h i t h e r t o  unsuccessful,  a l t e r n a t i v e  

t o  t h e  n i cke l  oxide-cadmium ba t t e ry .  I 

During t h e  past  5 years ,  a new kind of s i lver -z inc  c e l l  has been developed 

and t e s t e d  under NASA supportfor  use on planetary lander  missions which m a y  

r equ i r e  dry heat s t e r i l i z a t i o n  followed by long wet-stand per iods during 
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in te rp lane tary  f l i g h t  'and severa l  months of charge-discharge cycl ing.  

key t o  t h i s  development i s  a chemically stable inorganic  sepa ra to r  which has  

demonstrated long l i f e  i n  hea t - s t e r i l i zed ,  sealed 40 ampere-hour c e l l s .  

The 

Since the cornpination of long wet-stand and modest numbers of cycles  

required f o r  t h e  planetary appl ica t ion  i s  similar t o  t h e  requirements f o r  

b a t t e r i e s  i n  synchronous o r b i t  s a t e l l i t e s  , a synchronous o r b i t  t e s t  program 

has been i n i t i a t e d .  Here t h e  s i lver -z inc  c e l l  under development would weigh 

approximately one-third of t h e  weight o f  nickel-cadmium c e l l s  present ly  used. 

MISSION CHARACTERISTICS 

The treatment of a b a t t e r y ,  i n  terms of t h e  manner i n  which it i s  used 

and t h e  environment it sees ,  has a profound e f f e c t  on l i f e .  Therefore,  t h e  

c h a r a c t e r i s t i c s  of planetary and synchronous o r b i t  missions as they  e f f e c t  

t h e  b a t t e r y  design w i l l  be b r i e f l y  reviewed. We are concerned here  pr imar i ly  

with missions t o  t h e  near  p lane ts  (Mars, Venus) for which s o l a r  ce l l -ba t te ry  

power systems a re  used. A hypothe t ica l  p lane tary  o r b i t  mission i s  shown on 

f igu re  1. 

fac tured  and t h e  ac tua l  launch. During t h i s  per iod,  c e l l s  are formed, matched 

f o r  capaci ty ,  then assembled i n t o  bat ter ies  which undergo environmental t e s t i n g  

and s torage  before f i n a l l y  being i n s t a l l e d  i n  t h e  spacecraf t .  After  launch 

t h e  spacecraf t  follows i t s  planned t r a j e c t o r y  t o  t h e  p l a n e t  , a period of months 

Approximately 6 months e lapse  between t h e  t i m e  c e l l s  are manu- 

during which t h e  b a t t e r y  i s  used spa r ing ly ,  i f  at a l l .  F ina l ly ,  t h e  space- * 

c r a f t  i s  in jec ted  i n t o  o r b i t  around t h e  p l ane t  of i n t e r e s t  and t h e  b a t t e r y  i s  

c a l l e d  upon t o  operate.  Typical ly ,  a Venus mission might requi re  a 12  month 

transit period a f t e r  which t h e  battery must undergo s i x  charge-discharge Cycles 

pe r  day f o r  90 days, a t o t a l  of 540 cycles .  A Mars landing mission i s  show, 
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on f igu re  2. For t h i a  mission, dry-heat s t e r i l i z a t i o n  of t h e  lander  and 

i t s  systems i s  requi red  p r i o r  t o  launch. In  t h e  case of t h e  1975 Viking 

mission, t h e  sea l ed  c e l l s  w i l l  undergo an acceptance s t e r i l i z a t i o n  of 60 hours 

at 125' C (398' K) after which the  c e l l s  and b a t t e r i e s  w i l l  see t h r e e  add i t iona l  

s t e r i l i z a t i o n s  at 135' C (408O K )  t o t a l i n g  140 hours p r i o r  t o  launch. 

general  t hen ,  the. p lane tary  missions of i n t e r e s t  r equ i r e  a b a t t e r y  with 

approximately 2 years  wet-l ife and capable of d e l i v e r i n g  a modest number Of 

charge-discharge cyc les  (hundreds) near t h e  and of i t s  wet-stand per iod.  

In  

An examination of t h e  c h a r a c t e r i s t i c s  of earth-synchronous o r b i t s  

( f i g .  3) r evea l s  similar requirements. 

t h e  b a t t e r y  t o  d e l i v e r  less than 100 cycles  of varying depth of  discharge i n  

The two nodal e c l i p s e  per iods r equ i r e  

1 year .  

t h e  b a t t e r y .  

Lo7ia.I energy requiremenr; i iwuop  er; ai. ~ y l u l ,  I C  C U ~ ~ ~ I L A ~  acco-&i+s f i i i  

30 t o  50 percent  of the weight of t he  power system. 

breakdown f o r  t h e  I n t e l s a t  series ( Bii lerbeck 1972) .  

For a u s e f u l  l i f e  of 5 years ,  less than  450 cycles  are r equ i r ed  of 

While t h e  b a t t e r y  de l ive r s  less than 1/10 of 1 percent  of t h e  

- - -A ,  - . -  

Table I shows t h e  weight 

Synchronous o r b i t  satell i tes most f requent ly  are of t h e  f a c i l i t y - t y p e  

r a t h e r  than  experimental  vehic les .  That i s ,  t hey  i r e  launched t o  e s t a b l i s h  

a cont inuing c a p a b i l i t y  i n  a p a r t i c u l a r  area (communications, weather fore-  

c a s t i n g ,  e t c . ) .  As a r e s u l t ,  reduct ions i n  subsystem weights can be t r a n s -  

l a t e d  i n t o  increased c a p a b i l i t y ,  e i t h e r  through inc reas ing  the capac i ty  

(more d a t a  channels)  o r  increas ing  t h e  opera t ing  l i f e  by permi t t ing  g r e a t e r  

redundancy of c r i t i c a l  components. Therefore it i s  c l e a r  tha t  the  replace-  

ment of  t he  p re sen t ly  used nickel-cadmium batteries with a l i g h t e r  b a t t e r y  

would represent  a s i g n i f i c a n t  technology advancement. 

i 
I 

I 
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CELL DESCRIPTION 

Early i n  the  Viking program landing capsule weight r e s t r i c t i o n s  required 

use of a hea t - s t e r i l i zab le  s i lver -z inc  b a t t e r y .  The L e w i s  Research Center 

undertook the development of such a b a t t e r y ,  based on work being supported 

at McDonnell-Douglas Corporation on a long-l i fe  s i lver -z inc  secondary c e l l  

using an inorganic separator .  

adoption of a more conservative approach f o r  Viking based on a nickel-cadmium 

b a t t e r y ,  but  t h e  successful  development of a sea led ,  hea t - se r i l i zab le  40 AH 

s i lver -z inc  c e l l  encouraged NASA t o  continue t h e  development program i n  

an t ic ipa t ion  of fu ture  use.  

on f igu re  4. 

a l l  o ther  design fea tures  being i n  keeping with s tandard commercial p r a c t i c e .  

Zinc Electrode 

Changes i n  mission p r o f i l e  l a t e r  permitted 

A fu l l - s i ze  model of t h e  40 AH c e l l  i s  shown 

Two aspects  of t h e  c e l l  construction a r e  worthy of comment; 

The z i n c  e lec t rode  used i s  prepared by press ing  a mixture of 98 weight 

percent zinc oxide and 2 percent mercuric oxide onto a s i l v e r  DistexA g r id .  

A sheet of potassium t i t a n a t e  paper (Mead Corp. LPM 174-67, 0.020-0.026 

Uncompressed) i s  pressed i n t o  each face.  

Separator 

1 

No contouring or t e f l o n a t i o n  i s  used. 

11 The separator  used i s  one of a c l a s s  of inorganic  separa tors"  which 

a re  covered by U n i t e d  S t a t e s  Pa ten ts  i s sued  t o  McDonnell-Douglas Corporation. 

Earlier tes t  r e s u l t s  have been reported (Moe and Arrance 1971). The p a r t i c u l a r  

mater ia l  t e s t e d  i s  described i n  U.S. Patent 3,625,770, i s sued  December 7, 1971. 

The separator cons is t s  of a mixture of zirconium oxide and potassium t i t a n a t e  

(KT) ( 1 8 ~ )  which i s  bonded toge ther  by polyphenelene oxide (PPO) r e s i n  

( 5 % ) .  The mixture i s  deposited on a f u e l  c e l l  grade asbestos  substrate 

.- 

'Registered Trademark, Exmet Corporation, Bridgeport ,  Conn. 
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which has previously been impregnated with a 13 percent so lu t ion  of PPO 

dissolved i n  a s u i t a b l e  so lvent .  The f i lm  i s  appl ied by dip coating a l aye r  

of zirconia/KT/PPO s l u r r y  onto t h e  surface of an electrode bag which i s  made 

by gluing two shee ts  of t r e a t e d  asbestos toge ther  along th ree  edges. 

t o  dipping, t h e  pressed zinc p l a t e  i s  i n s e r t e d  i n t o  t h e  bag through t h e  

four th  (unglued) edge. 

P r i o r  

The c e l l  t e s t e d ,  designated 40-7 has s i x  pos i t i ve  and f i v e  negat ive p l a t e s ,  

each enclosed i n  a s ing le  bag of separator  material. Assembly of  t h e  p la te -  

pack i s  shown on f igure  5.  The plate-pack i s  in se r t ed  i n t o  a molded poly- 

phenylene oxide j a r ,  made from glass  f o r t i f i e d  grade 534-801 n a t u r a l  PPO 

(Liquid Nitrogen Processing Corporation Product NF-1006, Natura l ) .  The case- 

to-cover j o i n t  i s  made by u l t rasonic  welding. 

45 percent KOH, t h e  f i l l -ho le  i s  closed w i t h  a molded PPO plug, and t h e  case 

After  f i l l i n g  with 110 cc of 

t o p  i s  pot ted  with a f i l l e d  epoxy res in .  

s t r u c t i o n ,  and materials a re  contained elsewhere (Himy 1971). Over 200 c e l l s  

of t h i s  design have been b u i l t  and tes ted .  

A weight breakdown i s  shown on t ab le  11. For expediency, case molds, t e rmina ls  

and e lec t rode  and separator  t oo l ing  which were ava i lab le  at t h e  t i m e  were used. 

This r e su l t ed  i n  excess weight i n  the c e l l ,  as ind ica ted  by t h e  excessive 

head space above t h e  p l a t e s  i n  f igure 4. 

f o r  an optimized c e l l  design. An analysis  of t h i s  model, designated t h e  

Details of t h e  c e l l  design, con- 

Tota l  c e l l  weight i s  851 grams. 

A detailed weight ana lys i s  w a s  made 

4 O - l O X ,  i s  a l so  shown on t a b l e  11. The t o t a l  c e l l  weight would be 650 grams. 1 
The design i s  bas i ca l ly  t h e  same as model 40-7, except f o r  t h e  use of nine 

p l a t e s  i n s t ead  of eleven. Though no c e l l s  of t h i s  type were b u i l t ,  a f u l l -  

s c a l e  mockup was made t o  t e s t  assembly methods. The 40-7 and 40- lOX models 

a re  shown toge ther  on f igure  6.  
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ELECTRICAL PERFORMANCE OF MODEL 40-7 CELL 

The e l e c t r i c a l  performance as a f'unction of discharge r a t e  and tempera- 

t u r e  w a s  measured. Capacit ies were measured t o  a 1 .0  v o l t  cutoff  at cur ren ts  

of 20, 40, 80, and 120 amperes temperatures of 0' C ,  25' C ,  and 50' C .  

Typical values are  shown on table  111. ,The energy densi ty  de l ivered ,  based 

on a c e l l  weight of 851 grams i s  shown on f igure  7 as a funct ion of dra in  

r a t e  and temperature. 

I . 
and 

A t  25' C ,  t h e  energy densi ty  approaches 40WH/lb fo r  a 

full discharge a t  t h e  low ( 2 A )  drain r a t e s  associated with t h e  Viking mission. 

In  synchronous o r b i t ,  assuming 60 percent depth of discharge f o r  t h e  peak 

72 minute ec l ipse  per iod,  discharge would be at t h e  20 ampere r a t e ,  and an 

energy density of  17.7 WH/lb i s  del ivered.  

and battery weights, and ba t t e ry  energy densi ty  f o r  I n t e l s a t s  2 ,  3 and 4 

are  shown on t a b l e  I.  Based on these  f i g u r e s ,  t h e  use of t h e  40-7 s i l v e r -  

z inc c e l l  on a spacecrar t  l i k e  I n t e l s a t  4 could r e s u l t  i n  a weight savings 

of about 60 pounds i n  the  ba t t e ry .  Assuming equiualent e l e c t r i c a l  perfor-  
LP 

mances, t he  use of t h e  4O- lOX design could increase  t h e  savings t o  about 

68 pounds s ince t h e  expected energy dens i ty  de l ivered  would be 23.2 WH/lb. 

Therefore,  a s ign i f i can t  gain i n  payload capac i l i t y  can be realized through 

use of t h e  s i lver-zinc ba t t e ry .  

CELL TEST PROGRAMS 

For comparison, t h e  power system 

The longest duration t e s t s  were i n i t i a t e d  t o  dupl ica te  t w o  versions of  

t h e  Viking mission p r o f i l e .  More r ecen t ly ,  cycl ing t e s t s  dupl ica t ing  and 

r e l a t i n g  t o  synchronous o r b i t  have been undertaken. 

Test Des c r ip t  ions 

(a )  VK-1 - This i s  an e a r l y  version of t h e  Viking mission p r o f i l e .  

It required t h e  sealed c e l l  t o  be heat s t e r i l i z e d  for 200 hours a t  135' C 
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(308' K ) ,  undergo 8 months we t - s t and ,  and then t o  be discharged once each 

day f o r  2 hours t o  10 percent depth of discharge (based on 40 AH nominal 

capac i ty ) .  A minimum of 90 cycles was desired. 

( b )  - VK-2 - A p r o f i l e  simulating t h e  1975 Viking mission. The wet s tand 

per iod i s  extended t o  2 1  months. A t  t h e  end of t h i s  t ime,  t h e  c e l l  i s  given 

two conditioning cycles  and then discharged at 7 A f o r  3 hours ,  followed by a. 12 

A pulse f o r  40 seconds. 

1 .2  v o l t s .  

22.5 percent depth between once da i ly  recharges.  

de s i r e d .  

( c >  

The c e l l  must de l ive r  t h e  12 A pulse at o r  above 

It i s  then discharged twice each day t o  a cumulative t o t a l  of 

Again a 90 d'ay l i f e  i s  

VK-3 - An acce lera ted  l i f e  t es t  under which t h e  c e l l  i s  s t e r i l i z e d ,  

undergoes 8 months w e t  s tand ,  and i s  discharged t h r e e  times pe r  day f o r  two 

hours t o  35 percent  depth of discharge. 

(d) F u l l  Discharge - A f e w  c e l l s  have been placed on wet-stand and 

discharged completely t o  a 1.0 v o l t  cut-off at regular  i n t e r v a l s .  

( e )  Synchronous Orbit  - Cells  manufactured, sea led ,  and heat  s t e r i l i z e d  

i n  September-October 1970 were used t o  i n i t i a t e  a synchronous orbit, t e s t  

program at NASA-Lewis. 

shown on f igu re  3 .  

(72 minute) eclipse per iod.  The f i r s t  e c l i p s e  per iod w a s  i n i t i a t e d  i n  

J u l y ,  1971 at which time t h e  c e l l s  had already been s to red  f o r  9 t o  10 months. 

The goa l  i s  t o  complete 10  e c l i p s e  periods over a 5 year  per iod.  

The c e l l s  are cycled i n  accordance with t h e  p r o f i l e  

The m a x i m u m  depth of discharge i s  60 percent at t h e  peak 

(f) 24 Hour Cycle - Since t h e  average depth of discharge during t h e  

e c l i p s e  per iod of a synchronous o rb i t  cycle  t es t  i s  near  40 percent ,  a 

q u a l i t a t i v e  acce lera ted  tes t  w a s  s t a r t e d  a t  t h e  same time as t h e  synchronous 
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exhib i ted  t h e  bes t  l i f e  cf t h e  grc.up 1497 cycles-11 mznths-), but s t i l l  f e l l  

below expectat ions.  The reason f o r  t h i s  anomaly is not known, 

4. A t o t a l  of i 7  c e l l s  have been sycled to 100 percent depth of d i s -  

charge f o r  extended per iods,  The c e l l s  a r e  discharged at 9 , O  A to 1 .0  V ,  

and then dra-hed at, 3-0 A % G  1.0 V, O f  15  ce1l.s dischsyged once per  month, 

12 present ly  have 15-17 cycles over an average of  20 months wet- l i fe .  Three 

c e l l s  exploded when the  automet.tic cycling panel  f a i l e d  and drove t h e  c e l l s  

i n  reverse .  Two other  c e l l s  have been f u l l y  dfscharged on ml irregular basis. 

One f a i l e d  a f t e r  136 cycles  spread over 29 months. The o the r  i s  s t i l l  operat-  

i ng  md has undergone 143 cycies  w i t h  t h e  t o t a l  wet l i f e  r e a r i n g  3 years .  

5 .  Forty c e l l s  have been tes ted  t c  t h e  f u l l  VK-2 (Viking mission p r o f i l e )  

regime. The r e su l t s  a r e  shcwn on t a b l e  V, I n  addi t ion  t o  l i f e ,  t h e  t e s t  

w a s  designed t o  determine t h e  opt.imUn; ccndi t icns  for maintaining t h e  c e l l s  

during t h e  earth-to-planet transit period. One group of c e l l s  was he ld  on 

open-clrcuit  i n  t h e  charged state at 10' C (283' K) , room temperature,  32' C 

(305" K), and 42" C (315' K ) .  A second group of c e l l s  w 8 s  maintained on 

f loat-charge at a voltage of l.86 vults, 

room temperature,  and 32' C (305" K) Seven add i t r cna i  c e l l s  were placed 

on s t and  i n  t h e  discharged s t a t e  31. r x m  temperature only. 

These were h e l d  zt loo C (283' K) , 

The optimum s tand  condition wa5 found t o  be t h e  discharged s ta te  at room 

temperature,  A l l  seSren c e l l s  met the e n t r y  cycle  requirement, axd have now 

de l ivered  315 t o  318 cycles  fol- a tc tc t i  wet- l i fe  of 835 t o  981 days.  

a l l  of t h e  c e l l s  on  float,  charge o r  ailcwed ta s tand  i n  t h e  charged s ta te  

above room temperature f a i l e d  t h e  e n t o -  tes t  e i t h e r  due to l o w  capac i ty  or 

low volt,age during t h e  12 A pu lse .  A g r e a t e r  p rapor t i t x  u f  cells h e l d  a t  

V i r tua l ly  
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10' C (283' K )  passed t h e  en t ry  t e s t  than those  he ld  at room temperature.  

However, t h e  cycle l i f e  of t he  room-temperature c e l l s  appears b e t t e r .  

6. The synchronous o r b i t  t e s t i n g  at NASA-Lewis w a s  s t a r t e d  i n  J u l y  1971. 

The r e s u l t s  are summarized i n  t a b l e  V I .  The second e c l i p s e  cycle w a s  

completed on January 17 ,  1972. A l l  c e l l s  are s t i l l  opera t ing  wel l .  Ten 

add i t iona l  c e l l s  are being cycled t o  40 percent depth once each day. 

have reached 252 cycles and 557 days wet- l i fe  with no f a i l u r e s .  To ta l  capac i ty  

measurements were made after 100 and 200 cyc les .  No l o s s  i n  capaci ty  has  

occurred up t o  t h a t  po in t .  

FAILUFE ANALYSIS 

They 

A de t a i l ed  f a i l u r e  ana lys i s  program i s  p resen t ly  underway and d e f i n i t i v e  

r e s u l t s  are not ye t  ava i l ab le .  However , based on prel iminary observat ions 

s e v e r a l  qua l i t a t ive  conclusions have been reached. 

1. S i l v e r  i s  slowly deposi ted i n  t h e  sepa ra to r  bag surrounding t h e  

X-ray d i f f r a c t i o n  shows t h e  s i l v e r  t o  be present  as m e t a l .  p o s i t i v e  p l a t e .  

Electron beam microprobe ana lys i s  i nd ica t e s  t h a t  t h e  s i l v e r  i s  d i s t r i b u t e d  

i n  such a way as t o  imply a t t ack  on t h e  organic b inder .  Meta l l ic  s i l v e r  i s  

a l s o  found i n  t he  negat ive p l a t e  bag. 

2.  The predominant problem area i s  f a i lu re  of t h e  glued seam on t h e  

A l l  f a i l e d  c e l l s  have s p l i t  bag seams, and negat ive p l a t e  separa tor  bag. 

mossy z inc  i s  usual ly  observed t o  grow out of t h e  opening and come i n t o  

contact with the pos i t i ve  bag. It i s  not known whether t h e  s i l v e r  e l ec t rode  

sepa ra to r  bag must a l s o  contain enough me ta l l i c  s i l v e r  t o  provide a sho r t ing  

path.  
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3. The most s t r i k i n g  observation i s  t h a t  t h e  c l a s s i c a l  z inc e lec t rode  

f a i l u r e  mode (capaci ty  l o s s  due t o  "shape change" o r  "slumping") i s  absent.  

Figure 8 shows two t y p i c a l  z inc p la tes  a f t e r  heat  s t e r i l i z a t i o n ,  extensive 

wet l i f e  and cycl ing t o  40 percent depth 3f discharge.  

shape change has occurred. The mater ia l  missing from t h e  a rea  near  t h e  tab 

i n  the  upper photo w a s  l o s t  by adhering t o  t h e  separa tor  bag when it W B S  

removed. Considering t h a t  t h e  zinc plates were not t r e a t e d  t o  delay o r  

i n h i b i t  shape change through contouring o r  t e f lona t ion ,  t h i s  behavior i s  most 

unusual. 

i n  nickel-zinc c e l l s  which were wrapped i n  "inorganic" separa tors  (Charkey 1969). 

These observations have lead t o  incorporation of t h e  zinc p l a t e / e l ec t rode  

conbination i n t o  nickel-zinc c e l l s  i n  our laboratory with encouraging r e s u l t s  

(Schwartz 1971). 

STTMMARV AnTn rnnrrv~TcTnnT5 

Note t h a t  no obvious 

Similar  behavior has been reported i n  t h e  l i t e r a t u r e  f o r  z inc  p l a t e s  

1. A long l i f e  sea led  s i lver-zinc c e l l  has been demonstrated which can 

be heat; s t e r i l i z e d  at 135' C for  200 hours ,  and has demonstrated a combina- 

t i o n  of wet- l i fe  and cycle l i f e  which make it s u i t a b l e  f o r  use on space- 

c r a f t  designed t o  o r b i t  Venus o r  M a r s ,  or for a s t e r i l i z e d  Mars landing 

capsule e 

2 .  This c e l l  would o f f e r  a s ign i f i can t  weight advantage over t h e  nickel-  

cadmium f o r  synchronous o r b i t  use. Tests i n  t h i s  regime are underway. 

3. Slumping o r  shape change of t h e  z inc  e lec t rode  is not cbserved. 

The reason f o r  t h i s  is  not known as yet .  The e lec t rode /separa tor  combination 

looks a t t r a c t i v e  for use i n  o ther  systems ( i . e . ,  Ni-Zn). 

. .  
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TABLE 11. - CELL WEIGHT ANALYSIS 
---- ---.-- 

Component 

__I.__.__I_ _..--_I-- 

Posi t ive  mater ia l  

Grid and leads 

Negative mater ia l  

Grid and leads 

Separator  

Jar and cover 

Terminals 

EPOXY 

E lec t ro ly t e  

Tot a1 weight 

T o t a l  pos i t i ve  
capaci ty  ( A H )  

E f f e c t i v e  capacity 
( 7 0  percent u t i l i z a t i o n )  
(AH) 

Weigh 

Model 40-7 

138.0 

11.5 

150 .O 

25 .o 

107.0 

213.5 

46.5 

8.5 

151.0 - 
851.0 
(1.88 lb) 

68.5 

48 

Y g  ___ 

Model 4O-lOX 

134 

8 

148 

16 

72 

115 

29 

8 

650 
(1.43 ib) 
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TABLE V I .  - SYNCHRONOUS ORBIT TEST RESULTS. 

____._ _... - ..- -----.-.--_- - 
t I t  
I II Duty cycle I 

(ma. 1 

40 

DOD, % Cycleslday No. c e l l s  

-- -̂ --.-.__C_I-..I 

i 10 
60 

(ma. 1 
s yn ch i’onous i 

40 10 

- ̂ --.-.__C_I-..I 

s yn ch i’onous 
10 

10 
I- 

Test s t  a tus  a - 
Tota l  cycles  

86 (two 
ec l ip ses  ) 

252 
-- 

.I---- _ _  . 
Wet-l i fe ,  

days 
_I--__ 

557 

557 
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BAllERY OPERATES DURING SHADOW 
RESULT - LONG WET-LIFE REQUIRED 

MODEST NUMBERS OF CYCLES 

-43 DAYS + 4 4 3  DAYS 

p-1 MAR-+ 

Figure 3. - Characteristics of synchronous orbit, 

Figure 5. - Silver-zinc cell plate pack. Figure 4. - Sealed 40 AH silver-zinc Cell. 



MODEL 40-1OX 

C-72-697 

MODEL 40-7 

F igure 6. - Si lver-z inc ce l l  designs. 

l o o  
0 20 40 60 80 100 120 - c c c 2c 3 c  

2 2 2 
CURRENT, A 

Figure 7. - Energy densi ty  of model 40-7 cel l .  
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(A)  HS-51-0 CELLTYPICAL ELECTRODE: 517 DAYS WET LIFE, 1093 CYCLES (THREE CYCLES PER 
DAY, 40 PERCENT DEPTH). 

(6 )  HS-54-4 CELLTYPICAL NEGATIVE ELECTRODE: 345 DAYS LIFE, 541 CYCLES (THREE CYCLES 
PER DAY, 40 PERCENT DEPTH). 

F igu re  8. - Condi t ion of z inc  plates af ter  cyc l ing,  

NASA-Lewis-Com'l 


